SUMMARY The clinical and histological findings in an animal model of ocular cell mediated immune responses are described. These were evoked in sensitised guinea-pigs by dropping tuberculin into the conjunctival sac or injecting it under the palpebral conjunctiva. When tuberculin was dropped into the conjunctival sac, higher doses were required to evoke a strong response than when it was injected subconjunctivally. When high doses of antigen were used for challenge, a mild response was observed in unchallenged contralateral eyes. The cellular response at low doses of tuberculin consisted predominantly of mononuclear cells. At higher doses the cellular infiltrate was more pronounced, and polymorphonuclear cells tended to predominate 24 hours after challenge, while at 48 hours mononuclear cells predominated.
It has been suggested that cell mediated immune responses are important in the pathogenesis of eye diseases including trachoma, herpes simplex virus infection, chronic staphylococcal infection, and vernal keratoconjunctivitis. However, there is as yet little direct evidence to support this hypothesis. Most in-vivo studies of cell mediated immune responses have been carried out in the skin, and there are relatively few studies in other tissues. We have developed an animal model using tuberculin to study cell mediated responses in the outer eye in the absence of infection or immediate-type reactions. This is similar to the diagnostic test in humans, introduced in 1909, in which tuberculin in saline or petroleum jelly was instilled into the conjunctival sac and ocular reactions. were observed.' Previous studies of the reaction to tuberculin in the guinea-pig eye have involved injection of tuberculin into the guinea-pig cornea. In our model, briefly described in an earlier paper,5 guinea-pigs sensitised to tuberculin are challenged by dropping antigen on to the conjunctival sac or injecting it into the palpebral conjunctiva. We here report further studies on this model.
Material and methods
Animals. Female albino guinea-pigs of the DunkinHartley strain weighing 250 to 500 g were used.
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Antigens. Freund's complete adjuvant was used for sensitisation ( At 72 hours all eyes appeared normal.
All animals challenged with 40 [tg PPD showed mild to moderate hyperaemia and oedema of the palpebral and bulbar conjunctiva, slight congestion of limbal vessels, erythema of lid margins, and mucoid discharge at 18, 24, and 48-hours. At 72 hours the intensity of these clinical signs had diminished. At 72 hours five guinea-pigs were killed for histological examination and the lids of the right eyes shaved before dissection. After shaving, the eyelid skin was seen to be moderately erythematous. At five days there was only mild hyperaemia of the palpebral conjunctiva, and, after shaving, the skin of the right eyelids was seen to be slightly bruised in appearance. At seven days all eyes appeared normal, but the skin of the right eyelids still appeared slightly bruised when shaved.
The left (unchallenged) eyes of about half of the animals challenged with 0-4 [ig PPD or more had mild hyperaemia of the palpebral conjunctiva at 24 hours.
Challenge with drops of PPD after mild trauma to the conjunctiva Five guinea-pigs were challenged with 4 hours all eyes were normal. When sensitised animals were challenged, there was mild hyperaemia of the upper palpebral conjunctiva at four hours, but at eight hours all eyes appeared normal. At 18, 24, and 48 hours there was moderate to severe oedema and erythema of the lid margins and purulent discharge at the site of injection. There was mild to moderate hyperaemia and severe oedema of the palpebral conjunctiva, and mild to moderate hyperaemia and oedema of the bulbar conjunctiva, with mild to moderate limbal oedema and congestion of limbal vessels and mild stromal keratitis. The left, unchallenged eyes, had mild hyperaemia and oedema of the palpebral conjunctiva, and some had mild oedema of the bulbar conjunctiva at 24 hours, but at 48 hours the left eyes appeared normal. At 24 hours some animals were killed for histological examination. When the eyelids were shaved the right eyelids showed severe oedema and erythema, while the left eyelids were normal in appearance. At 72 hours right eyelids were moderately erythematous, and at five days the skin of the lids appeared to be slightly bruised. and the lid margins. In some eyes there was a mild cellular infiltrate throughout the palpebral conjunctiva and the l~d margins, which consisted of mononuclear cells with a few polymorphonuclear cells, and there was also atmild mononuclear cell exudate in the conjunctival sac. In the bulbar conjunctiva there were a subepithelial mononuclear cell infiltrate and some polymorphonuclear cells, mainly in the epithelium. In all eyes the limbal region had a marked cellular infiltrate, consisting of mononuclear cells with only a few polymorphonuclear cells in or just under the epithelium. At 48 hours the histological appearance was very similar to that at 24 hours. Five days after challenge some eyes still had small groups of mononuclear cells in the submucosa, with a few scattered plasma cells. There were no significant changes in left, unchallenged eyes.
After challenge with 40 ig PPD most eyes showed a moderate to heavy mixed cellular infiltrate, with many polymorphonuclear cells in the conjunctival epithelium, a predominantly mononuclear cell infiltrate in the submucosa, and vascular dilatation (Fig.  1) . The limbus generally showed a moderate, predominantly mononuclear cell infiltrate with some polymorphonuclear cells and eosinophils and occasional plasma cells, and enlargement of limbal vessels (Fig. 2) . Some left, unchallenged eyes had small patches of mononuclear cells, but most appeared normal.
Challenge with subconjunctival injection of PPD At 24 hours after challenge several eyes showed a mild to moderate cellular infiltrate under the epidermis of the skin of the eyelids, in which mononuclear cells predominated. Some eyes had a heavy polymorphonuclear cell infiltrate in the epithelium of the palpebral conjunctiva close to the lid margin with consequent loss of structure. In these eyes a polymorphonuclear cell exudate was also present (Fig. 3) . The submucosa showed dilated and congested vessels, and a predominantly polymorphonuclear cell infiltrate in the loose connective tissue, but not in the adjacent muscle (Fig. 3) . Other eyes showed only a very few polymorphonuclear cells in the lid margin epithelium and a predominantly mononuclear cell infiltrate of the submucosa. Eosinophils were also usually present, but numbers varied considerably. The upper palpebral conjunctiva usually had a heavy mixed cellular infiltrate under the epithelium, while the deeper tissues had a predominantly mononuclear cell infiltrate. In the lower palpebral conjunctiva most eyes had only a mild infiltrate with some polymorphonuclear cells in the epithelium, and a few mononuclear cells and eosinophils in the submucosa. In most eyes the bulbar conjunctiva had a moderate mixed cellular infiltrate in the submucosa, with a few polymorphonuclear cells in the epithelium, while a few eyes had a heavy mixed cellular infiltrate in the bulbar conjunctiva and limbus with dilated and congested vessels.
In one eye the episcleral tissue under the bulbar conjunctiva, and the underlying sclera adjacent to the limbus, the pars plana, and ciliary body all had a heavy mixed cellular infiltrate. The corneal stroma of this eye also had a heavy mixed cellular infiltrate (Figs. 4, 5 ).
At three, five, and seven days there was a steady diminution of the cellular infiltrate in most areas of the conjunctiva. Polymorphonuclear cells disappeared more rapidly than mononuclear cells. At seven days several eyes had small patches of cells in the palpebral conjunctiva and limbus consisting of mononuclear cells, including a few plasma cells.
Most unchallenged left eyes showed only mild mononuclear cell infiltration in the palpebral conjunctiva at 24 and 48 hours.
Discussion
We have extended our earlier studies of immune responses to PPD in the guinea-pig external eye. We have found that the maximal inflammatory response occurs 18 to 48 hours after challenge by instillation of drops or subconjunctival injection of PPD. There was a steady decline in intensity 48 hours after challenge. The timing is similar to that of guinea-pig skin reactions, which are maximal at 24 hours8 In studies of cell mediated immune responses in the cornea the challenge has usually been carried out by injecting antigen into the cornea.-9' We have shown that this traumatic procedure is unnecessary. Ocular responses can be evoked by injecting the antigen into the palpebral conjunctiva, or by dropping it into the conjunctival sac, although we found that higher doses of PPD were required to evoke a strong response when it was dropped on to the conjunctiva than when it was injected subconjunctiv- has been demonstrated in rabbits that subconjunctival injection of radiolabelled human serum albumin in one eye is followed by the appearance of radioactivity in the other eye. Most of this transfer does not involve the blood circulation, and it has been suggested that the major pathway is the lymphatic system. 13 Our main reason for studying responses to PPD in the eye is because it is likely that cell mediated immune responses are important in ocular herpes simplex virus and chlamydial infections. However, during infection the agent is multiplying, and many immune and inflammatory responses are occurring at the same time. There are, however, some similarities between the guinea-pig ocular response to PPD and to reinfection with guinea-pig inclusion conjunctivitis (GPIC) agent (Chlamydia psittaci). In 
